Abstract -We show that a direct t r a n s p o s i t i o n of a generic IC architecture on a QCA technology is rendered iuefficieut by characteristics intrinsic to the model. This analysis c o n s t i t u t e s the motivation for an application-specific architectural approach based on regular b l o c k s proposed further. in the paper. The b a s i c architectural model is specified and a design methodology allowing the mapping of regular problems is described.
INTRODUCTION
Since its initial proposal [l] , the quantum cellular automata (QCA) model has received considerable attention in the quest for altemative technologies to CMOS mainly because of its appealing simplicity. However, several studies [5] , [6] pointed out serious drawbacks in performance and manufacturahility of the metallic or semiconductor cells. Thus, the future of the model QCA appears to rely on a molecular implementation.
We are interested in evaluating the implications of those characteristics of the model that are independent of the parameters of a particular implementation. First, the model places itself into a class of computing architectures characterized by field-based local interaction between elementary devices. Information is coded using physical properties as electron distribution ( This paper takes an architectural perspective in the assessment of QCA and proposes an application-specific regular architecture adapted to the characteristics of the model. The paper's content is organized as follows. In Section I1 we perform an architectural assessment of the QCA paradigm and argue the suitability for an applicationspecific regular architecture. We propose such architecture in Section 111 by describing its structure and functionality. In Section IV we present a design methodology that allows mapping regular algorithms on the proposed architecture. Finally, we present our conclusions and future works in Section V.
ARCHITECTURAL ASSESSMENT
In this section, we perform an architectural assessment of the QCA model allowing an estimation of the influence of field-based interaction between elementary devices and high sensitivity to geometric positioning on the active-device-area I total-area ratio.
The field-based interaction mechanism specific to the QCA model constitutes a serious architectural drawback because it implies localization in the devicedevice coupling and sets a planarity constraint for the interconnection of the logic devices. Following incipient theoretical bases [7] for multilayer routing complexity the area of the N-node fat-tree grows for planar wiring as: 31Nlog * ( N ) ) ( 
1)
We consider the fat-tree as a reasonable model as it can be used as a universal interconnect or wiring substrate. If wiring layers are used, the fat-tree can be laid out using only -"' ' active device area. We have refined this model by considering a hierarchy of butterfly trees with different multiplicity orders at each level of the hierarchy (Fig. I) . The recursive application of the formula ( I ) to each successive butterfly tree gives the complexity formula (2) for the surface cost of routing n devices when m routing layers are available.
The multiplicity a ; of the butterfly trees on each level i can be extracted from a stochastic distribution of the w klengths in generic architectures (Fig. 3) . The stochastic distribution is given through an interconnect density function obtained from the Rent parameters in [PI. The sub-linear scaling of the active-device-area / total -area ratio is shown in Fig.4 . By applying the formula (2) one can dedum the correspondent ratio for multilayered routinE. For the quantum cellular automata model, a factor using various methods of approximation like Intra Cellular Hanree Approximation no more than a reduced number of cells can he simulated. As previous attempts to extract a cellular-automata behavior from the physical model of the A functional block consists of memory cells, at the interior of the block, and interface cells at the exterior of the block (Fig 5b) . The set of polarizations of the memory cells gives the internal state of the block. The connection blocks allow reciprocal interaction between neighboring functional blocks (Fig 5c) . The model can be further extended by allowing inverters to he placed on each of the branches of a connection block.
The operation of the array makes use of the quasiadiabatic switching technique and it is directed by a multi-phase clock signal (Fig 6) . We show that the set of functional blocks can be associated to a von Neumann radius one cellular automaton.
Mathematically, the behavior of the model can be described by two functions: 
V. CONCLUSION
We showed that the QCA model is not suited for architectures with wiring structure similar to the current general-purpose architectures. An application specific architecture was proposed and we showed its equivalence with mathematical cellular automata. We also presented a methodology for mapping a desired computational behavior on this architecture. Future works will be focused on developing an abstract layer allowing for the implementation of message passing and complex functional units.
